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Abstract

Background: Maternal immunisation is an essential public health intervention aimed at improving the health
outcomes for pregnant women and providing protection to the newborn. Despite international recommendations,
safety and efficacy data for the intervention, and often a fully funded program, uptake of vaccines in pregnancy
remain suboptimal. One possible explanation for this includes limited access to vaccination services at the point of
antenatal care. The aim of this study is to evaluate the change in vaccine coverage among pregnant women following
implementation of a modified model of delivery aimed at improving access at the point of antenatal care, including
an economic evaluation.

Methods: This prospective multi-centre study, using action research design, across six maternity services in Victo-
ria, Australia, evaluated the implementation of a co-designed vaccine delivery model (either a pharmacy led model,
midwife led model or primary care led model) supported by provider education. The main outcome measure was
influenza and pertussis vaccine uptake during pregnancy and the incremental cost of the new model (compared to
existing models) and the cost-effectiveness of the new model at each participating health service.

Results: Influenza vaccine coverage in 2019 increased between 50 and 196% from baseline. All services reduced
their average cost per immunisation under the new platforms due to efficiencies achieved in the delivery of maternal
immunisations. This cost saving ranged from $9 to $71.

Conclusion: Our study demonstrated that there is no‘one size fits all'model of vaccine delivery. Future successful
strategies to improve maternal vaccine coverage at other maternity services should be site specific, multifaceted,
targeted at the existing barriers to maternal vaccine uptake, and heavily involve local stakeholders in the design and
implementation of these strategies. The cost-effectiveness analysis indicates that an increase in maternal influenza
immunisation uptake can be achieved at a relatively modest cost through amendment of maternal immunisation
platforms.
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pregnancy is a safe and effective strategy to protect both
pregnant women and their infants from influenza infec-
tion [6-8] and is recommended by the World Health
Organisation (WHO) for all pregnant women. Similarly,
maternal pertussis vaccination has a vaccine effective-
ness of at least 91% in protecting infants younger than 3
months of age against pertussis infection [9, 10] and in
many high and middle-income countries, pertussis con-
taining vaccine is also recommended for all pregnant
women.

Despite these recommendations, maternal vaccine
coverage among pregnant women remains low. In many
high-income countries where influenza vaccine is rec-
ommended, vaccine coverage remains suboptimal, with
reported coverage of 49% in the United States in 2018,
44% in the United Kingdom from 2019 to 2020, and 67%
in Australia in 2018 [11-13]. Likewise in countries rec-
ommending pertussis vaccination during pregnancy,
vaccine coverage has ranged between 44% in the United
Kingdom to 78% in New Zealand [14, 15]. These figures
have been stubbornly resistant to change despite accu-
mulating safety and efficacy data.

At the health service level, women’s access to vaccines
has been demonstrated to influence coverage [16—18]. By
integrating maternal vaccination into routine antenatal
care, pregnant women can access vaccines more read-
ily. This may in turn improve vaccine coverage, as shown
in several studies [16—18]. Several strategies to improve
vaccine coverage have been reported in the literature.
These include strategies to increase pregnant women’s
awareness of the effectiveness and safety of the vaccines,
strategies to facilitate healthcare provider (HCP) recom-
mendation of vaccination in pregnancy, and strategies to
improve access [19].

In Australia, influenza and pertussis vaccines have been
available at no cost to pregnant women since 2010 and
2015 respectively. Immunisation status for each pregnant
woman giving birth in both public and private maternity
services in Victoria has been routinely submitted to the
Department of Health and Human Services as part of the
Victorian Perinatal Data Collection since 2015 [13]. In
2017, the state-wide maternal influenza vaccine coverage
was 54% [20]. This was lower than the maternal pertussis
vaccination coverage in Victoria, which was 78% [20].

To improve coverage of maternal vaccines overall and
reduce disparity between services across Victoria, a
multi-centre study was designed with the aim of increas-
ing access to maternal vaccines at the point of antenatal
care. After introducing modified or new models for vac-
cine delivery at participating services, vaccine coverage in
2019 amongst pregnant women giving birth at these ser-
vices was compared to vaccine coverage in 2018. In addi-
tion to comparing vaccine coverage, the study included
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an economic evaluation which assessed the incremental
cost of the new models, compared to existing models,
and the cost-effectiveness of the new models at each par-
ticipating health service.

Methods

This project used action research design methodology.
This involves collecting information regarding the cur-
rent program and outcomes, analysing the information,
developing a plan with key stakeholders to improve the
outcomes, implementing the plan, collecting data dur-
ing and post implementation and developing conclusions
regarding the changes. An overview of the key steps in
the project methodology is summarised in Fig. 1. Seven
services were approached to participate in the project. A
range of services were invited to represent both metro-
politan and regional maternity services, a range of mater-
nity care capability, and with a range of vaccine coverage.
One service declined due to concerns about being able to
commit adequate time to the project given other work-
force responsibilities. Vaccine coverage at baseline for
each site was available from the Victorian perinatal ser-
vices performance indicators report [20].

Once maternity services agreed to participate in the
project, key stakeholders (midwives, obstetricians, phar-
macists, infection control practitioners, representatives
from the quality unit, paediatricians, hospital executives)
at each site were invited to participate in a landscape
analysis of their service. This landscape analysis aimed to:

(i) Assess the existing model(s) of maternal vaccine

delivery (the existing models included referral to
the GP for vaccine or midwife administered)

(ii) Identify barriers and facilitators for delivering

maternal vaccines

The landscape analyses were conducted between
November and December 2018. The landscape analy-
ses involved collecting data from interviews with stake-
holders and conducting a simulated “walk through” of
the process by which vaccines are recommended and/or
delivered to pregnant women at each service. Data col-
lected included:

a. Existing policies and procedures regarding maternal
immunisation

b. Methods utilised to create demand for maternal vac-
cination (e.g. posters in the waiting room, informa-
tion booklets)

c. Capacity for procurement and storage of vaccines,
and maintenance of cold chain onsite

d. Current systems for recording vaccinations received
by women
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Maternity service identified and
agreed to participate in project

Meeting with key stakeholders

Landscape analysis including
interviews with stakeholders,
simulated walk through of journey for
pregnant woman and data collection

Co-design of new model to improve
access to vaccines at point of
antenatal care

Evaluation of uptake and comparison
to previous 12 months

Economic evaluation

Fig. 1 An overview of the steps in the project
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e. Staff education and training (specific to immunisa-
tion)

Based on the findings from the landscape analysis and in
collaboration with local stakeholders at each site, the exist-
ing model of vaccine delivery was reviewed to overcome
identified barriers to vaccine delivery. A modified model
for delivering maternal vaccines was implemented at each
site before the 2019 seasonal influenza vaccine became
available in April 2019. Education for staff about maternal
immunisation was provided at each site. This education
comprised of a face-to-face teaching session with mater-
nity care providers. Frequently asked questions (FAQs) on
influenza and pertussis vaccines for health care providers
were developed and provided to each site as were posters
promoting vaccines in pregnancy. Booklets with informa-
tion about influenza vaccine in pregnancy were produced
and provided to each service to be distributed to preg-
nant women. For the sites expanding midwife led pertus-
sis vaccination to include influenza vaccination, the project
facilitated and supported nurse immuniser training for the
development of a “vaccine champion”.

In order to undertake the cost-effectiveness analysis,
the following inputs were used; immunisation activity for
each of the participating health services, including the total
number of women who gave birth at each of the participat-
ing health services and the proportion immunized against
influenza, across the baseline and evaluation periods.
Costs incurred by participating health services were col-
lected through a cost survey completed by the participating
health services. The survey captured costs incurred relating
to capital, non-capital and variable costs.

Using the above inputs, the following economic analysis
was undertaken:

» Assessment of the incremental cost of the new models
at each participating health service; and

+ Cost-effectiveness analysis comparing the:

+ Average cost per maternal immunisation under the
existing and new models at each participating health
service; and

» Incremental Cost Effectiveness Ratio’s (ICER) of the
new models. This allowed for the cost-effectiveness of
the new models to be compared. That is, of the new
models, which model had the lower additional cost per
additional immunisation.

Results

In 2018, pertussis vaccine coverage ranged from 60 to
97% and influenza vaccine coverage ranged from 34 to
56% across the six maternity services. Key characteristics
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of each maternity service and the existing model of vac-
cine delivery is summarised in Table 1.

Four maternity services with pre-existing midwife led
pertussis vaccination delivery decided to expand this
model to include influenza vaccine. One maternity ser-
vice introduced a private-public model utilising a co-
located private pharmacy and one maternity service,
after the landscape analysis and key stakeholder meet-
ings decided not to change their model of vaccine deliv-
ery continuing to refer to general practitioners (GPs) for
vaccine administration. Additional strategies introduced
at individual maternity services (at their own discretion)
included a health service specific educational video about
maternal influenza vaccine sent by text message (Health
Service B and C, Table 1), changes to documentation
requirements such that documentation at the time of
administration rather than post partum was made man-
datory (Health service D, E and F Table 1), and monthly
audits of performance were introduced (Health service B,
Table 1).

Influenza vaccine coverage in 2019 increased between
50 and 196% from baseline. The monthly influenza vac-
cine coverage in 2019 compared to the monthly vaccine
coverage in 2018 is summarised in Fig. 2. The increment
in vaccine coverage was sustained until December 2019
in all six maternity services.

The monthly influenza vaccine coverage (January 2019
to December 2019) in each maternity service compared

Table 1 Characteristics and 2017 vaccine coverage
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to their monthly pertussis vaccine coverage is summa-
rised in Fig. 3.

Economic evaluation

The annual aggregate cost of the new maternal immu-
nisation platforms was AU$109,160, inclusive of $8822
(8%) capital costs; $2672 (2%) non-capital costs; $4528
(4%) supply costs; and $93,138 (85%) workforce costs.
This represents an annual incremental cost increase of
$58,628 when compared to the cost of the existing plat-
forms (a 116% increase).

Across the evaluation period, the participating health
services provided a total of 4486 maternal influenza and
pertussis immunisations. Of this total, there were 1882
(42%) influenza and 2604 (58%) pertussis immunisations.
This represents an increase of 3685 immunisations com-
pared to the baseline period.

All services reduced their average cost per immunisa-
tion under the new platforms due to efficiencies achieved
in the delivery of maternal immunisations. This cost sav-
ing ranged from $9 to $71.

Hospital F recorded the greatest reduction in the aver-
age cost per immunisation (—$71, from $146 to $75 per
immunisation) followed by Hospital C (—$23, from $67
to $43 per immunisation), Hospital E (—$10, from $54
to $44 per immunisation) and Hospital D (—$9, from
$56 to $46 per immunisation). The pharmacy led model,
recorded the lowest average cost per immunisation of

Maternity Capability Distance from Pertussis Influenza vaccine Influenza Existing Existing Primary
service Level Melbourne vaccine coverage (2017- coverage pathway of pathway of Intervention
CBD in kms coverage 2018)? (2018-2019)° pertussis influenza
(2017) vaccine vaccine
delivery delivery
(2018) (2018)
A 6* <20 60% 46% 57% Refer to GP Refer to GP Publicprivate
pharmacy model
B 5A 100-200 91% 47% 61% Refer to GP Refer to GP Education and
monthly audit
C 4n 200-300 88% 56% 75% Midwives Refer to GP Midwife led
giving some model
but refer to GP
mainly
D 4N 200-300 77% 34% 49% Midwives giv-  Refer to GP Midwife led
ing vaccines model
E 3 20-100 97% 28% 62% Midwives giv-  Refer to GP Midwife led
ing vaccines model
F 2 300-400 97% 27% 32% Midwives giv-  Refer to GP Midwife led
ing vaccines model

Capability level: *complex pregnancies, births and neonatal intensive care

Amedium complexity pregnancies and babies. Management of labour, birth and puerperium at 34 weeks (level 4) or 32 weeks (level 5)

#low complexity pregnancies and babies from 37 weeks gestation
2Victorian perinatal services performance indicators 2017-2018
bVictorian perinatal services performance indicators 2018-2019
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$10. Some of the new models demonstrated greater cost-
effectiveness compared to others. That is, some models
had a lower additional cost per additional immunisation,
presented as an ICER. When comparing the ICER’s of
the new models, the cost per additional immunisation
ranged from $24 to $45: Hospital C recorded the lowest
cost per additional immunisation (ICER=$24) followed
by Hospital E (ICER =$35), Hospital D (ICER=$37) and
Hospital F (ICER = $45).

Discussion
This project partnered with six maternity services, and
was able to demonstrate increased vaccine coverage
across all services, particularly with respect to influenza
vaccine. This occurred irrespective of the size of the ser-
vice, the capability level or whether regional or metro-
politan and irrespective of the innovation chosen by each
health service. This suggests that it was not the actual
innovation itself but other factors that contributed to
this. The key factors contributing to success included: 1.
undertaking a thorough analysis of the existing systems
and pathways at baseline upon which to build any future
intervention 2. working closely with key local stakehold-
ers to co-design the innovation which the maternity
service had local ownership over 3. training “vaccine
champions” to drive the project at a grass roots level
and 4. ensure accurate, timely, mandatory data capture to
monitor progress and identify gaps. Increased coverage
occurred no matter the craft group of the immuniser (GP,
midwife or pharmacist). Our project has demonstrated
that with a service-by-service approach, ensuring equi-
table access to influenza vaccine and education of staff,
it is possible to close the gap between pertussis (which
often has higher reported uptake) and influenza vaccine
coverage (which often has a lower reported uptake). Fur-
thermore, our study has demonstrated that although the
annual incremental cost increased, when the number of
vaccines given was considered, all services reduced their
average cost per immunisation under the new platforms
due to efficiencies. In addition to this, the increased vac-
cine coverage overall may further decrease costs to the
healthcare system by reducing burden of disease.
Important lessons learnt with this project include the
following;

“There is no ‘one size fits all’ model to improve
coverage’.

Improvements were seen in all six maternity services
partnering on the project despite very different platforms
for delivery of vaccine (GP, midwife, pharmacist). The
most important factor to ensure engagement from local
stakeholders was to involve them in the process, thor-
oughly evaluate what infrastructure and systems were
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pre-existing and then co-design the intervention with
the service and the stakeholders who were then charged
with implementation of the intervention. Solutions were
often there. The challenge was getting people who are
really busy and from different sections of the health ser-
vice together to make it happen. Listening to these locally
derived solutions rather than imposing outsider views
was key.

“Project ownership and vaccine champions’.

Having a local vaccine champion was powerful. This
did not have to be someone trained as a nurse immun-
iser although this was reported as extremely beneficial
by sites that incorporated this into their new delivery
platform. The nurse immuniser naturally became the
vaccine champion and was able to provide encourage-
ment, support and answer any questions from colleagues.
Importantly, they also were often involved in the role of
monitoring the implementation of strategies to improve
vaccine coverage, and led the initiative to rectify any
barriers that need to be addressed in implementation.
Because they worked in the antenatal clinic they were
able to understand any challenges to implementation that
arose and come up with practical solutions to address
these challenges.

“Interventions are only as good as the quality of
data’.

In this project, data was essential to a). identify the
problem of low coverage b). to monitor the success of the
implemented strategy and c). to provide feedback to the
staff working to improve vaccine uptake. The previous
initiative to make vaccination a mandatory field in Victo-
rian Perinatal Data Collection assisted with this process.
We also learnt from this project the importance of “real-
time” or at least semi-contemporaneous entering of vac-
cination status compared with post partum. Maternity
services were able to provide us with monthly updates
of vaccination coverage during the course of the project.
This was extremely useful to identify gaps early and to
provide positive feedback.

“Understanding the local landscape is essential
and can’t be done without site visits’.

The landscape analysis had two components. One
was interviewing key stakeholders and the other was a
“walk through” which included observation and confir-
mation of the information provided by stakeholders at
a grass roots level. This was extremely valuable as often
the information provided by stakeholders did not reflect
what was actually happening on the ground. For exam-
ple, at one hospital all the key stakeholders reported that
no maternal vaccines were given on site. However, after
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the walk through it became evident that low risk women
were being walked to delivery suite where pertussis vac-
cine was kept in the vaccine fridge and were having it
administered there as part of their antenatal care. This
information was vital to the subsequent development of
the new model for influenza but would have remained
unknown if the two complimentary components of the
landscape analysis were not completed. In all settings,
site visits were invaluable.

There are several strengths to our study. Our study
conducted granular evaluation of barriers and facilita-
tors through site visits and conversations with the stake-
holders at each service. This enabled a modified model
of vaccine delivery and strategies that were site-specific
and locally acceptable. It has also helped the project team
to better understand the local situation and improve our
rapport with the stakeholders. Furthermore, having real-
time vaccine coverage data helped inform the progress
of our effort to improve vaccine coverage. There are also
recognised limitations to this study. While some services
had striking improvements, there were no control (no-
intervention) services. However, the average influenza
vaccine coverage reported across all maternity services
for the time period 2019-2020 was 74.6% (well below the
average of the six services participating in this project).
Our study was not designed to compare one model of
vaccine delivery against another and did not include pri-
vate maternity services. Due to time and resource limi-
tations, the assessment of barriers and facilitators were
not conducted with pregnant women and the impact
(both positive and negative) on pregnant women was
not assessed. In addition, some services introduced other
measures at their own discretion such as internal audits
to monitor progress or a locally produced video promot-
ing vaccination. It was not possible therefore to evalu-
ate how much each individual intervention contributed
to the increase in coverage. However, the overarching
finding was that designing a locally relevant model that
addresses local barriers and engaging local partners are
more likely to work synergistically to achieve the desired
outcome and successful implementation.

Conclusion

Improving maternal vaccine coverage is an integral
part of improving maternal and child health. Our study
demonstrated that there is no ‘one size fits all’ model of
vaccine delivery. Future successful strategies to improve
maternal vaccine coverage at other maternity services
should be site specific, multifaceted, targeted at the
existing barriers to maternal vaccine uptake, and heav-
ily involve local stakeholders in the design and imple-
mentation of these strategies. The cost-effectiveness
analysis indicates that an increase in maternal influenza
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immunisation uptake can be achieved at a relatively
modest cost through amendment of maternal immuni-
sation platforms.
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